I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Diabetes mellitus (DM) is the most common metabolic disorder and one of the top five chronic diseases consuming a significant proportion of our health-care expenditure.\[[@ref1]\] Emergency physicians face patients with diabetes under several circumstances that may need an evaluation and treatment of acute life-threatening complications such as hypoglycemia, or hyperglycemic crisis, and chronic complications such as nephropathy, neuropathy, retinopathy, and angiopathy.

The hyperglycemic crisis is an endocrine emergency linked with uncontrolled DM which leads to major complications and enormous health costs. The hyperglycemic crisis presents a sequel of diabetic emergency as diabetic ketoacidosis (DKA), hyperosmolar hyperglycemic state (HHS), or mixed syndrome (DKA and HHS) that may result in significant morbidity and death.\[[@ref2]\] Hyperglycemic crisis characteristically necessitates intense therapy with appropriate disposition.\[[@ref2]\] In the emergency department (ED), treatment for DKA/HHS involves correction of hyperglycemia, dehydration, electrolyte imbalance, and identifying comorbid and frequent monitoring of patients strictly as per guidelines suggested by the American Diabetes Association (ADA).\[[@ref3]\]

In the management of a hyperglycemic patient, it is crucial to comprehend the mortality risk of the patient on arrival to the ED and the most appropriate disposition for the patient after initial management in the ED.\[[@ref2]\]

Notwithstanding the advances made in the health care, mortality in DKA and HHS patients remains conceivably a lethal and life-threatening sequel in hyperglycemic emergencies (HEs).\[[@ref2][@ref4][@ref5][@ref6]\] Mortality is related to six risk factors such as age (above 65 years),\[[@ref7]\] level of consciousness on admission, the severity of acidosis, the degree of hyperosmolarity, the severity of azotemia, and nursing home care.\[[@ref8]\] In the United States, 140,000 patients with DKA were hospitalized in 2009,\[[@ref9][@ref10]\] which accounts for 4%--9% of all hospital discharge summaries in persons with diabetes.\[[@ref8][@ref10][@ref11]\] More than 20% of patients with DKA had previously undiagnosed diabetes.\[[@ref9][@ref12][@ref13]\] Another 15% of admissions were of patients with multiple admissions for DKA.\[[@ref9]\] Fatalities are rarely ascribed to the complications of hyperglycemic crisis, instead associated with concealed triggering sickness and its complication such as infection, poor drug compliance, and new-onset diabetes.\[[@ref2]\]

However, there are inadequate information and decision rules on the acuteness of the disease to prognosticate mortality and estimate the requirement for admissions into intensive care in the treatment of HE in adults.\[[@ref6]\] Consequently, timely identification of HE patients presents with possible benefits such as the early determination of patients of high-risk wanting critical care admission, excellent treatment at the earliest in the critical care, and optimizing resources in the health-care facility without jeopardizing the quality of therapy provided in the ward and Intensive Care Unit (ICU).\[[@ref6]\]

For ED physicians to make an appropriate decision on the management of patients with the hyperglycemic crisis, many studies based on mortality predictors have proposed certain decision rules. MacIsaac *et al*.\[[@ref5]\] demonstrated age as the only real prognosticator of death, whereas Chung *et al*.\[[@ref4]\] utilized mental status as the prognostic agent. Six objective predictors of mortality made the Efstathiou *et al*.\'s\[[@ref6]\] model, but for only DKA, where some of the predictors were not easily or immediately obtained in the ED, rendering it useless as a first-line care model. Huang *et al*.\[[@ref2]\] investigated 13 univariate independent predictors of mortality of HE and formed a predicting hyperglycemic death (PHD) score using six independent mortality predictors.

PHD score is useful for emergency physicians, as a prediction tool as it aids in stratifying mortality risk groups and making appropriate management decision in hyperglycemic crisis patients.\[[@ref2]\] There are many univariate mortality predictors for patients with the hyperglycemic crisis, of which six predictors are made into consideration as a mortality and risk stratification score. The PHD score is a simplistic, prompt tool with six objective predictors of mortality such as hypotension, absent tachycardia, infection, anemia, cancer, and severe coma for prognosticating 30-day mortality, risk group classification, and admission of patients to either ward or ICU.\[[@ref2]\]

The main goal of the study is to validate the efficacy of predicting hyperglycemic crisis death (PHD) score as a decision rule for prognosticating mortality within 30 days and classifying hyperglycemic crisis patients into mortality risk groups for appropriate dispositions after ED treatment for further management.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Study setting and population {#sec2-1}
----------------------------

This study is a prospective, observational study of patients in hyperglycemic crisis registered in the ED to validate the efficacy of the PHD score. The study was conducted in the department of emergency medicine in a tertiary care university teaching hospital, with an annual input of patients of about 25,000--30,000. The study was conducted over 14 months from May 2014 to July 2015. All patients above 18 years of age presenting to ED and satisfying the case definition for hyperglycemic crisis were enrolled in the study. Patients who received treatment in other hospitals before visiting our ED for continuing inpatient care and patients with age \<18 years were excluded from the study.

Methodology {#sec2-2}
-----------

All adult patients presenting to the ED are enrolled when they meet the hyperglycemic crisis criteria projected by the ADA for mild, moderate, and severe DKA and HHS.\[[@ref14]\] A 30-day mortality of six independent predictors is used as the primary end point. The enrolled patients were divided into two groups as dead and still hospitalized. The treating physician\'s disposition of the patients and 30-day mortality were recorded. In patients who died, risk factors for mortality were assessed and the PHD score (AHASCI-7) was used to calculate risk for these patients \[[Table 1](#T1){ref-type="table"}\].\[[@ref2]\] Appropriate management decisions in the disposition of the patient (viz., treatment in ED, ward, or ICU) and the 30^th^ day mortality of the six independent predictors were stratified based on the PHD risk score. Finally, after dividing patients into disposition and mortality risk groups, a comparative analysis of physician and PHD score disposition was done in adult hyperglycemic crisis patients to assess their efficacy in predicting 30-day mortality.

###### 

Predictive hyperglycemic disposition (Predicting hyperglycemic crisis death) (AHASCI-7)
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Data collection {#sec2-3}
---------------

Data collection was carried out by history taking from patient or patient\'s attendees and accessing the patient\'s inpatient file for required laboratory and radiological investigations. Details of admission investigations and other investigations relevant to the admission diagnosis and comorbidities were recorded. Patient details were collected in a preformatted questionnaire.

Statistical analysis {#sec2-4}
--------------------

Data collected were entered in a spreadsheet (Microsoft Office Excel 2013; Microsoft Corporation, Redmond, WA), and the statistical analysis was done using statistical software SPSS (IBM SPSS Release 21.0.0; IBM SPSS Inc., Chicago, Illinois, USA). Categorical data were analyzed using descriptive statistics such as frequency and percentages and for continuous variables, the mean and standard deviation are used. For analyzing the regression model, the multiple logistic regression model was used. The receiver operating characteristic curves were drawn to find the area under the curve (AUC) to achieve the highest average sensitivity and specificity with positive predictive value and negative predictive value. To determine the significance in the categorical data, Chi-square test was done. *P* \< 0.05 was considered statistically significant in all the statistical tools.

Ethics and consent {#sec2-5}
------------------

This study was approved by the institutional ethics committee. Informed consent was obtained from all the patients or their relatives who were enrolled in the study either in English or in the local language.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 133 patients in hyperglycemic crisis were included in the study \[[Figure 1](#F1){ref-type="fig"}\]. A male-to-female ratio of 1:1.01 was observed, where 66 patients (49.6%) were male and 67 patients (50.4%) were female, of which 37 patients (27.8%) were found within the age group of 51--60 (51.2 ± 14.37) years. The most common comorbid illness was DM in 107 patients (80.5%), followed by coronary artery disease in 105 patients (78.9%) and hypertension in 76 patients (57.1%). The most common predisposing factors in our study group were poor drug compliance in 84 patients (63.2%) and infection in 78 patients (58.6%). The subgroup analysis showed that the most common hyperglycemic emergency was DKA in 88 patients (66.2%), followed by HHS in 37 patients (27.8%) and mixed syndrome in 8 patients (6%) \[[Table 2](#T2){ref-type="table"}\].

![Flow diagram comparing physician and PHD score disposition of patient and 30-day mortality. \*-DKA: Diabetic ketoacidosis, HHS: Hyperosmolar hyperglycemic state, and Mixed: Mixed syndrome which includes both DKA and HHS. †-AHASCI-7 score is calculated using the six independent mortality predictors - Absent tachycardia ×1, Hypotension ×1, Anemia ×1, Sensorium ×1, Cancer ×1, and Infection ×2](JETS-11-104-g002){#F1}

###### 

Descriptive in hyperglycemic crisis and its subgroups (diabetic ketoacidosis, hyperosmolar hyperglycemic state, and mixed)

![](JETS-11-104-g003)

Based on the various clinical judgments by the admitting physician, low-risk patients (stable) were admitted in the ward and high-risk patients (unstable) who need to continue monitoring were admitted in the ICU. On clinical evaluation, 76 patients (57.1%) were in the low-risk group and disposed to the ward whereas 57 patients (42.9%) were in the high-risk group and disposed to the ICU. The mortality rate among the patients admitted in ward and ICU as per physician disposition was 5.3% (4/76) in the ward and 38.6% (22/57) in the ICU, which was statistically significant \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of physician disposition and predicting hyperglycemic crisis death scores for predicting 30-day mortality in hyperglycemic crisis patients
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Of the six variables, anemia, altered sensorium, cancer, and infection had significance (*P* \< 0.05) as predictors of mortality in the PHD score \[[Table 4](#T4){ref-type="table"}\]. The PHD scores (AHASCI-7) using the six variables were calculated ranging from 0 to 7 and were stratified into mortality risk and disposition groups. Patients with a score of 0--2 were in the low-risk group, with a score of 3 were in the intermediate risk group, and with a score of 4--7 were in the high-risk mortality group \[[Figure 2](#F2){ref-type="fig"}\]. Once the mortality risk groups was categorized, patients in the low-risk group were treated in the ED or admitted to the ward, in the intermediate-risk group were admitted to a ward or an ICU, and in the high-risk group were admitted to an ICU \[[Table 5](#T5){ref-type="table"}\]. The risk stratification of the three mortality risk groups by PHD score from our study for low-risk group was 5.8% (4/69), for intermediate-risk group was 20.5% (8/39), and high-risk group was 56% (14/25) \[[Table 3](#T3){ref-type="table"}\].

###### 

Six independent mortality predictors (AHASCI-7) in the predicting hyperglycemic crisis death score
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![PHD score mortality risk stratification and their disposition with AHASCI-7\* score. \*AHASCI-7 score is calculated using the six independent mortality predictors - Absent tachycardia × 1, Hypotension ×1, Anemia ×1, Sensorium ×1, Cancer ×1, and Infection ×2](JETS-11-104-g006){#F2}

###### 

The differences between predicting hyperglycemic crisis death score Model I and Model II
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For validating the efficacy of PHD score in disposing the patients correctly, PHD score was compared with the physician judgment which comprises of ward (low risk) and ICU (high risk) disposition. Hence, for our convenience and easy comparison, in score Model I, we have categorized the PHD score into low (low + intermediate)- and high-risk groups. Hence, 108 patients (81.2%) can be considered low risk and disposed to ward and 25 patients (18.8%) can be regarded as high risk and disposed to ICU \[[Table 5](#T5){ref-type="table"}\]. The mortality rate in the score Model I was 11.1% of the ward patients (12/108) and 56% of the ICU patients (14/25), with *P* = 0.001 \[[Table 3](#T3){ref-type="table"}\].

In score Model II, we modified disposition for our convenience and easy comparison with physician disposition group and we have categorized the PHD score into low- and high (intermediate + high)-risk groups. Sixty-nine patients were considered to be at low risk and disposed to ward (51.9%) and 64 patients were considered to be at high risk and disposed to ICU (48.1%) \[[Table 5](#T5){ref-type="table"}\]. The mortality rate in the score Model II was 5.8% (4/69) for patients admitted to the ward and 34.4% (22/64) for patients admitted to the ICU, with *P* = 0.001 \[[Table 3](#T3){ref-type="table"}\].

From the 30-day mortality analysis of the 26 patients who died, 16 were male, 15 patients (57.7%) were diagnosed as DKA, 8 patients (30.8%) were diagnosed as HHS, 9 patients (34.6%) were ≥65 years old, 13 patients (50%) had bradycardia (heart rate \<100/min), 6 patients (23.1%) had hypotension (systolic blood pressure \<90 mmHg), 10/26 patients (38.5%) had anemia (hemoglobin \<10 g/dl), 9 patients (34.6%) had Glasgow Coma Scale (\<8), 5 patients (19.2%) had cancer, 21 patients (80.8%) had infection being the highest, and 9 patients died within 7 days of admission.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

In practice, patient\'s quality of life not only depends on early identification and treatment of diseases, but also depends on the appropriate disposition of a patient after weighing in the safety of the patient, medical resources available, and the cost of receiving treatment in the ED. PHD score would help ED physicians to improve standardization in practice. As we realize from our results, the physician had admitted 76 high-risk patients in the ICU comparative to only 69 high-risk patients admitted to the ICU as per PHD score disposition. Ultimately, both the disposition types have an equal mortality rate of 22 patients. PHD score is a risk stratification and a disposition tool that only guides the physician in easy decision-making for appropriate disposition to the ward or ICU and not a management tool that interferes with the ED physician in making clinical judgment based on experience in treating patients with hyperglycemia.

Efstathiou *et al*.\[[@ref6]\] in their study projected a risk stratification prediction model for hyperglycemic crises patients which include six clinical and laboratory variables as independent predictors of mortality (*P* \< 0.05) available on the 1^st^ day of hospital admission. Hamburger *et al*.,\[[@ref15]\] Javor *et al*.,\[[@ref16]\] and Kitabchi *et al*.\[[@ref17]\] suggested that outside the ICU, mild-to-moderate DKA can efficiently be managed, and in a step-down ICU, patients with severe but uncomplicated DKA can be administered after the initial critical hours of therapy. Gershengorn *et al*.\[[@ref18]\] in their study reported that based on the patient\'s condition, the severity of the disease, and availability of local resources, the decision to manage DKA patients in the ward or an ICU was made. Savage *et al*.\[[@ref19]\] and Wolfsdorf *et al*.\[[@ref20]\] reported in their study that they saved time, resources, and hospitalization cost up to 30% which led to better outcomes as they had a predefined local guideline for a referral to either ward or an ICU.

Our study tries to support the above evidence that the PHD score is an easy score to remember and may facilitate standardization in practice. PHD score may aid in a more objective risk stratification and help emergency and ICU physicians decide on the appropriate disposition of patients after initial ED management. In comparison to Huang *et al*.,\[[@ref2]\] among six independent mortality predictors, anemia, altered sensorium, cancer, and infection were statistically significant with *P* = \<0.05 \[[Table 4](#T4){ref-type="table"}\].

From the subgroup analysis, DKA was seen predominantly in 66.2%, HHS was observed in 27.8%, and only 6% had mixed syndrome. From the 30-day mortality analysis of 26 patients who died, three were new-onset DM and 23 were known DM. The mortality rates among subgroups were 17% for DKA, 21.6% for HHS, and 37.3% for mixed group. The mortality rates were significantly high among HHS and mixed groups. This pattern has been seen in several studies done earlier in other countries and in different populations.\[[@ref4][@ref21][@ref22][@ref23]\]

On applying the PHD score to the study sample of 133 patients, 69 patients were in low-risk, 39 patients were at intermediate-risk, and 25 patients were in the high-risk group. Moreover, the mortality rate among the three risk groups of PHD score was 5.8% in a low-risk group, 20.5% in an intermediate-risk group, and 56% in high-risk group.

On comparing physician disposition with PHD score Model I and Model II disposition, we found that low-risk patients admitted to the ward were 81.2% in Model I disposition, 51.9% in Model II disposition, and 57.1% in physician disposition. On the other hand, high-risk patients admitted to the ICU were 18.8% in PHD score Model I disposition, 48.1% in PHD score Model II disposition, and 42.9% in physician disposition. Hence, PHD score Model II disposition was almost equal to physician\'s disposition in ward and ICU.

On comparing the 30-day mortality group of physician disposition with PHD score Model I and Model II disposition, results showed that in score Model I disposition, the death rate in the ward was 46.2% and in ICU was 53.8% which were almost equal. Whereas in PHD score Model II disposition and physician disposition, the death rate in the ward was 15.4% and in ICU was 84.6%, the same in both the groups. Hence, PHD score Model II disposition was almost equal to physician\'s disposition in both, showing an increasing mortality risk in the ICU.

Both physician\'s disposition and PHD score Model II disposition had a high sensitivity of 85%, whereas the specificity was 67% for physician\'s disposition and 61% for PHD score Model II. However, PHD score model I disposition had a high specificity of 90% but a low sensitivity of 54%. All the three had statistically highly significant *P* values.

In Huang *et al*.\'s\[[@ref2]\] study, the PHD score was divided into three mortality risk groups, high risk of 59.5% (22/37, 95% confidence interval \[CI\]: 42.2%--74.8%), intermediate risk of 24.5% (13/51, 95% CI: 14.8%--39.9%), and low risk of 0% mortality (0/242, 95% CI: 0--0.02). The PHD score had a high predictive power with AUC at 0.925 and 95% CI from 0.870 to 0.979.\[[@ref2]\] Marinac and Mesa *et al*.\[[@ref24]\] reported that one-third of DKA patients did not require ICU admission and treatment based on their admission criterion. The average ICU stay was significantly longer in those with severe DKA, although the total hospital stay did not differ by the severity of illness score. Alourfi and Homsi\[[@ref25]\] showed a mortality rate of 11.3% which was significantly higher in the ICU than in the ward (*P* ≤ 0.05). The complication in the ICU was (41.6%) more when compared to in the ward (14%) (*P* = 0.001).\[[@ref25]\]

Limitations {#sec2-6}
-----------

This study is a high-risk prediction tool, and it is important not to forget that the interaction between the patient and the physician, personal intentions of the patient, and necessities along with expert clinical decision-making and careful amalgamation of scientific data play a crucial role in providing critical medical care instead of prognostic estimates. This study was conducted in a single center. Therefore, results from this study may not be generalizable, and a multicenter validation study is required. The sample size may not be broad enough to have results with a significant statistical power. Similar validation research projects with larger sample sizes are needed to prove the efficacy of the PHD score. An overlap may be seen amidst the three hyperglycemic crisis types; however, as we are studying with the hyperglycemic crisis in its entirety, our study results are not affected by the overlap. Larger, multicentric trials are needed, but also a trial that compares PHD with physician intuition is needed. Does this implementation have a clinical impact?

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The PHD score, created by six independent mortality predictors, is a straightforward, prompt tool, facilitating standardization of management of hyperglycemic crisis patients in ED practice. PHD score contributes to a more objective risk stratification, helping ED physician decide on appropriate disposition for hyperglycemic crisis patients after ED treatment, devoid of compromise on the quality of medical care provided in the ICU and ward, purely based on the balance of the safety of the patient, medical resources available, and cost. Our results show that Model II of the PHD score correlates with the physician\'s judgment and was accurately able to predict which patients needed intensive care and who could be managed in a ward setting. This score will aid the emergency physician in the appropriate disposition of a patient presenting with hyperglycemia without the need for referral to a physician before admission. Despite our results being statistically significant, a larger study should be performed in multiple centers to verify if the scores can accurately predict mortality or survival.
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